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ABSTRACT
Regulation of Rabbit Testicular
Sex steroids,

Capsular Motility:

Prostaglandins,

and Sympathomim.etic Agents
by

Rod R. Seeley, Doctor of Philosophy
Utah state University,

1973

Major Professor:
Dr. Raymond T. Sanders
Thesis Director:
Dr. LeGrande C. Ellis
Department:
Zoology

Smooth-muscle
testicular

active compounds were extracted

homogenates,

preparations

and from bathing media of rabbit testicular

and were tentatively

endogenous prostaglandins
sular contractions
testicular

capsular

concentrations
spontaneously

from rat and rabbit

characterized

were responsible

as prostaglandins.

of prostaglandins
contracting

vitro or spontaneously

contracting

In this respect,

were extracted

capsules

The

for spontaneous testicular

in vitro, but were not solely responsible
motility in vivo.

capsular

for spontaneous

significantly

greater

from bathing media from

in vitro than from inactive capsules
capsules in vivo.

was observed in the amount of prostaglandin

cap-

in

No significant difference

extracted

from the bathing media

of inactive in vitro and spontaneously

active in vivo preparations.

Various sex steroids

(progesterone,

testosterone,

androstenedione,

Sa-androstan-17

{3-ol-3-one,

and pregnenolone)

17 a-hydroxyprogesterone,

viii
inhibited spontaneous or prostaglandin-induced
tractions

contractions

potentiated by serotonin or acetylcholine,

inhibit spontaneous in vivo capsular
epinephrine
present

in vitro.

in rabbit testicular

hibited spontaneously

capsules,

contracting

nervous innervation

F a' and epinephrine
2
log dose-response

and a-adrenergic

in vivo capsules

receptors

blocldng agents in-

suggesting that sympathetic

curves for the effect of prostaglandin

on in vitro rabbit testicular

E , E , Fla,
1
2

capsules were determined,

E , F a, and epinephrine
1
2

that they are equivalent for both in vivo and in vitro preparations.
stimulatory

responses,

were inhibitory at higher concentrations.
hibitory response

inhibitor),
testicular

isoproterenol
capsular

AMP potentiated

but prostaglandin

Moreover,

the inhibitory response

All of these
E and E
1
2

of prostaglandin

E

1

Theophylline (a phosphodiesterase

(a {3-adrenergic agonist),

motility.

indicate

The data suggested that the in-

of the capsule to higher concentrations

and E were mediated by cyclic AMP.
2

were

motility.

curves for prostaglandin

compounds generated

did not

motility generated by

a - and /3-adrenergic

may regulate testicular

Log dose-response

but the steroids

motility or capsular

In this respect,

in vitro and con-

and cyclic AMP inhibited

subthreshold

concentrations

to PGE.

(75 pages)

of cyclic

INTRODUCTION

The capsule surrounding

the mammalian

an outer layer or tunica vaginalis visceral,
an inner layer or tunica vasculosa.
tains smooth-muscle

smooth-muscle

of three layers:

a middle layer or tunica albuginea,

The middle layer (tunica albuginea) con-

cells (Davis and Langford,

Kirby, 1970; Davis and Langford,

testis consists

1970; Davis, Langford,

1971; and Langford and Heller,

within the testicular

capsules of rats,

rabbits,

active compounds (Davis, Langford,

1970; Davis and Langford,

1970; Davis and Langford,

and Ellis,

1971; Hargrove,

Seeley, and Ellis,
human testicular

capsules

have been extracted

testicular

capsules

autorhythmically

and Kirby,

1971; Johnson,

Har-

1971; Hargrove,
Moreover,

rabbit and

in vivo and in vitro

active compounds with characteristics

of acidic lipids

from bathing media of actively contracting

rabbit testicu-

in vitro.

capsular

contracted

1973).

The

1970).

Smooth-muscle

spontaneous

and Ellis,

1973; and Hargrove et al.,

(Davis and Langford,

lar preparations

Johnson,

1973).

and humans

responds to smooth-muscle

grove,

and

The residue appeared to be responsible

motility in vitro and initiated contractions
similar

to those initiated by prostaglandins

for

in rabbit
(Hargove,

et al.,

1973).
It has been suggested that the function of testicular
muscle is to aid blood flow, lymphatic drainage,

capsular

smooth-

or sperm emission from the

2

testis

(Davis and Langford,

lating testicular
fertility

capsular

1970).

In this respect knowledge of factors modu-

motility may yield a mechanism

can be controlled artificially

by which male

or by which some forms of infertility

may be ameliorated.
To partially
motility,

the present

smooth-muscle
capsular
extracted

preparations,

factors that modulate testicular

investigation

active material

within the bathing media of active in vitro

and to compare the activity of this material

to ascertain

what effect they had on testicular

The activity of in vitro testicular

vivo preparations

in their response

pounds.

a possible

Finally,

sine 3', 5' -monophosphate
prostaglandins

capsular

was undertaken to identify, more fully, the

from inactive in vitro and active in vivo preparations.

were investigated
motility.

characterize

preparations

between prostaglandins

(cyclic AMP) was investigated

Sex steroids
capsular

was compared to in

to various smooth-muscle

relationship

with that

active comand adeno-

to ascertain

exert their effect through this second messenger

if

hormone.

3

REVIEW OF LITERATURE

Response of testicular

capsules to smooth-muscle

active compounds
Davis and Langford (1969) described
testicular

the response

capsules to several pharmacological

agents.

was observed in response to the parasympathetic
pilocarpine.

Sympathomimetic

initiated an increase

of isolated rat
An increase

compounds:

amines such as norepinephrine

in tonus, while isoproterenol

methylammonium,

a ganglionic stimulator,

increase

in tonus.

These workers

capsule,

in response

carbachol and
and epinephrine

was inhibitory.

Tetra-

and histamine also induced an

concluded that contractions

to autonomic agents,

in tonus

of the testicular

may play an important

role in pro-

viding a force capable of aiding emission of sperm from testes.
Isolated capsules of human and rabbit testes contracted
mically.

Acetylcholine,

and BaC1 increased
2

carbachol,

testicular

isoproterenol

inhibited capsular

Autorhythmic

contractions

norepinephrine,

The parenchyma
tions in response

capsule while

(Davis and Langford,

of rabbit testes also occurred

rations were stimulated by intravenous
inhibited by iv injections

tetramethylammonium,

motility in the rabbit testicular
preparations

autorhyth-

(iv) injections

in vivo.

1970).

These prepa-

of carbachol and were

of isoproterenol.
of rabbit and rat testes produced negligible contrac-

to all treatments,

whereas the isolated capsules of rabbit

4

and rat testes did respond (Davis and Langford,
1971).

The middle layer of the rat testicular

contained a sparse amount of smooth muscle,

1970 and Davis and Langford,

capsule,

the tunica albuginea,

but two distinct layers of smooth-

muscle fibers were identified in the tunica albuginea of both the rabbit and the
human testicular
microscopy

capsule (Davis and Langford,

1970).

Moreover,

indicated that the tunica albuginea of man contained dense col-

lagenous tissue that formed the major portion of the capsule.
majority

electron

However, the

of cells in the tunica albuginea were branched smooth-muscle

with long irregular
myofilaments
Heller,

profiles.

cells

These smooth muscles contained tightly packed

approximately

parallel

to the long axis of the cell (Langford and

1973).
The presence

rabbit testicular
Moreover,

receptors

was established

in

capsules by Hargrove et al. (1973) and Rikimaru et al. (1972).

Rikimaru et al. (1972) found that muscarinic

to acetylcholine.
nervating

of QI- and ,B-adrenergic

In this respect,

stimulation

of the perivascular

the dog testis with a train of impulses

for 10 seconds increased

intratesticular

that autonomic innervation

pressure.

may be an important

receptors

responded
nerve in-

of unknown voltage at 30 Hz
These workers
regulator

suggested

of testicular

capsular

motility (Rikimaru et al. , 1972).
Johnson,
preparations

Hargrove,

and Ellis (1971) found that isolated rabbit testicular

responded to the addition of prostaglandin

bathing medium with an increased
quency.

Hargrove,

Johnson,

F QI(PGF lQI) to the
1

tonus, amplitude of contraction,

and Ellis (1971) discovered

that PGE

and fre1

inhibited

5

in vitro autorhythmically

contracting

inactive rinsed preparations
higher concentrations.

capsules;

in smaller

PGE

concentrations

in concentrations

1

however, PGE

were inhibitory in spontaneously

(Hargrove et al.,

1973).

prostaglandin

rabbit testicular

preparations

grove,

1972; Carpenter,

1973).

Therefore,

in vitro.

That

1969; Ellis,

1972; Ellis,

Johnson,

it appears that endogenous prostaglandins
capsular

line initiated an increase

in testicular

contracting

in vitro.

preparations

and Har-

1971; Christ and van Dorp, 1972; and Michael,

in the modulation of testicular

in inactive rinsed rabbit testicular
capsules with a subthreshold

contractions.
capsular

Serotonin or acetylcho-

However, these compounds were ineffective
preparations.

concentration

Seeley, and Ellis,

may play a role

motility in spontaneously

Pretreatment

of prostaglandin

of the capsule to serotonin or acetylcholine

and Hargrove,

were pres-

occurs in testes has been indicated in the rat, rabbit,

and swine (Ellis and Baptista,

response

in inac-

contracting preparations

These data indicated that prostaglandins

contracting

synthesis

and inhibited them at

that were stimulatory

tive preparations

ent in spontaneously

stimulated

1

1973).

of the inactive

reestablished

the

(Hargrove et al. , 1973

These data indicated that prosta-

glandins were required for the isolated rabbit testis to respond to both
acetylcholine

and serotonin;

prostaglandins

the testicular

capsule to histamine

bathing medium of spontaneously
eliminated

testicular

capsular

to rinsed inactive preparations

also potentiated the response

and epinephrine.

Moreover,

active in vitro preparations

motility;
reinitiated

of

changing the

reduced or

readdition of the initial bathing medium
capsular

motility.

A residue

6

extractable

with acidic solvents appeared to be responsible

rabbit testicular

capsular

contractions.

capable of mimicking the spontaneous
(Hargrove et al.,

1973; Hargrove,

for these in vitro

The only compounds tested that were
capsular

motility were prostaglandins

Seeley, and Ellis,

1973).

Hargrove,

Seeley, and Ellis (1973) also found that spontaneous and prostaglandin-induced
motility responded to an increased
medium.

concentration

of calcium in the bathing

An apparent mutual dependency existed between calcium and prosta-

glandins in the initiation of testicular
cluded that prostaglandin-like
autorhythmic

capsular

capsular

motility.

compounds may be requisite

motility,

serve to potentiate

the response

under physiological

conditions.

and that prostaglandin-like

These workers

con-

for spontaneous
materials

of the capsule to other stimulating

may

agents

Modulation of smooth muscle by steroids
Schofield (1954) investigated
direct electrical

stimulation

and given 25 µg estrogen
quently,
days;

isometric

uterine contractions

in the intact rabbit.

subcutaneously

progesterone

daily for 4 days.

All animals were castrated

(Sub. Q. ), daily for 7 days.

the estrogen dominated animals received

the progesterone-dominated

initiated by

10 µg estrogen

animals received
The threshold

Subse-

daily for 4

10 µg estrogen plus 2 mg

stimulus for the estrogen-

dominated preparation

was 0. 5 to 1 volt and 1, 2, and 4 volts for the progester-

one dominated uteri.

Kuriyama and Csapo (1961) investigated

uterine

smooth-muscle

membrane

potentials

rat and rabbit

with the microelectrode

nique while Marshall and Csapo (1961) performed

similar

experiments

techwith the

7

sucrose

gap technique.

(estrogen-dominated)
in vitro.

These results

were consistent.

exhibited cyclic fluctuations

Following the cyclic depolarization,

were followed by repolarization

Post-partum

in the membrane

discharges

of the smooth-muscle

of action potentials.

preparations,

membrane.

tion of action potentials.
fluctuations

Oxytocin (50 µU/ml),

caused an immediate

depolarization

Tension

with the cyclic

when added to inactive

of the membrane

and genera-

Oxytocin also doubled the frequency of the rhythmic

in the membrane potentials.

to an oxytocin stimulated
action potentials

potential

of action potentials

developed by uterine smooth muscle appeared to be correlated
discharge

uteri

Progesterone

preparations,

resulted

(10 µg/ml),

in the disappearance

and muscle motility within 30 minutes.

Moreover,

when added
of all
rat uteri

between 15-19 days gestation and rabbit uteri between 20-28 days gestation
showed no rhythmical
hour of observation
gesterone

fluctuations

in the membrane

and were unresponsive

pretreatment

(2 mg/day,

with intra-uterine
istrated

to prostaglandins

to the organ bath.

tion, also totally suppressed
Moreover,

to oxytocin (20 mU/ml).

Pro-

in vitro.

had

However, the

to oxytocin and to PGE , could be inhibited by addition of
1

20 µg/ml progesterone

1970).

within the first

Sub. Q.) for 4 days and adrenalectomy

little effect on rat uterine sensitivity
uterine response

potentials

Porter

contractions

Estradiol,

at the same concentra-

(Hawkins, Jessup,

and Ramwell,

and Behrman (1971) equipped non-pregnant

recording balloons;

by single iv injections

rabbits

PGF a (100 or 200 µg) was admin2

12 to 14 hours after Sub. Q. injections of 10 mg

8

progesterone.

Contractions

were less prevalent

in progesterone

treated

animals than in control animals.
It is apparent from above that progesterone
muscle activity in vitro.
of progesterone

The membrane

and a similar

response

uterus of the rat and rabbit.

human uterus exhibited quiescence
gesterone,

potential was altered by the addition

to the incubation medium,

the progesterone-dominated

reduced uterine smooth-

Moreover,

during periods of increased

(Pulkkinen,

the

plasma pro-

1970).

Although intra-muscular

of progresterone

injections of progesterone

been unable to prevent abortion or the onset of labor in humans,
pregnenolone,

a precursor

Presumably,

of progestrone,

the conversion

not alter plasma progesterone
That androgen synthesis
the relationship,

gonadotropin

one above control levels.

muscle.

by the uterus
but did

1970),

occurs in the testis is well established,
of testicular
unknown.

It is possible that increased

steroids

but
and

Saginor and Horton

of human chorionic

plasma levels of testosterone

during periods of sexual excitement,
capsular-smooth

to progesterone

that copulation and Sub. Q. injections

of

reduced uterine activi-

levels (Scommegna et al.,

motility is presently

(HCG) increased

have

injections

that inhibited uterine motility,

if any, between the production

smooth-muscle

(1968) reported

successfully

of pregnenolone

caused a local builup of progesterone

capsular

in

and the area of the pregnant uterus of the rat and rabbit associated

with the placenta contained a local elevated concentration

ty.

occurred

and androstenedi-

levels of steroids,

may alter the motility of the testicular

9

Relationships

between prostaglandins,

and adrenergic

cyclic AMP,

compounds

According to the current

concept, many hormones modulate the mem-

brane bound adenyl cyclase system that catalyzes

the conversion

cyclic AMP that, in turn, induces the target tissue to perform
(Robinson, Butcher,
receptors
cyclase

and Sutherland,

are closely associated
(Liddle and Hardman,

that catalyzes

material

son, and Butcher,

in an increased

(3-adrenergic

ace inhibitors

1971).

the enzyme

(Sutherland,

Moreover,

and Nilsson,

Robin-

with adenyl

(3-adrenergic

stimulation

in intestinal

smooth muscle

1972) and rat myometrium

Sanborn, and Korenman,

1972). More-

blocking agents antagonized the effect of catecholamines

and on adipose tissue

(Butcher et al.,

also induced an accumulation
Furthermore,

monophosphate

drugs that increased

is often associated

cyclic AMP concentration

1971 and Bhalla,

tion of smooth muscle.
3', 5'-cyclic

stimulation

1972, and Andersson

on these tissues

with adenyl

is located partly in

and partly in the soluble fraction

(3-receptor

(Harbon and Clauser,
over,

functionally and anatomically

of cyclic AMP to 5'-AMP,

cyclase activity (Triner et al.,

(Andersson,

bound hormone

1968).

Adrenergic

resulted

The membrane

its function

1971), while phosphodiesterase,

the conversion

the particulate

1968).

of ATP to

Phosphodiester-

of cyclic AMP and caused relaxa-

6 21
exogenous N , 0 -dibutyryl

(dibutyryl-cyclic

adenosine

AMP) mimicked the effect of

cyclic AMP levels (Triner et al.,

exogenous dibutyryl-cyclic

1966).

1971).

Moreover,

AMP stopped spontaneous spike discharge

with

10

some hyperpolarization

accompanied by a tension decrease

taenia coli indicating that cyclic AMP suppresses
muscle (Takagi, Takayanagi,

Tomiyama,

membrane

effect of epinephrine

inhibitor) on cyclic AMP accumulation

cells (Butcher and Barid,

1968).

cyclic AMP accumulation

in lung, corpus luteum,

fetal bone, diaphragm,
thrombocytes,
lymphocytes

leucocytes,

(Himman, 1972).

potent than the PGF-compounds

The increased
prostaglandins

1

anterior

rat aorta,

2

both stimulated

pituitary,

rat erythrocyte

cultured neorublastoma

spleen,
ghosts,

cells,

are, in general,

and
far more

in modulating cyclic AMP biosynthesis

was associated

cyclic AMP concentration

Prosta-

to have any effect on phosphodiesterase.

levels of prostaglandins

the addition of prostaglandins

tion of cyclic AMP in minced rat testes,

stimulated

Also,

cyclic AMP

did not antagonize the action of

Butcher and Baird (1968) reported

that PGE

1971).
1

increased

the concentra-

but the response of testicular

smooth muscle to cyclic AMP is unknown.
of the testicular

induced by

with a change in adenyl cyclase activity.

exogenous cyclic AMP (Shio, Shaw, and Ramwell,

response

in isolated fat

and PGE

The PGE-compounds

or decreased

where decreased

biosynthesis,

PGE

and caffeine

196 8 , and Shio, Shaw, and Ram well, 19 71).

glandins have not been reported
in tissues

Moreover,

guinea pig heart,

fibroblasts,

(Butcher and Baird,

activity of smooth

1971).

PGE , antagonized the stimulatory
1
(a phosphodiesterase

in guinea pig

capsular

It is also unknown whether the

capsule to catecholamines

mediated by cyclic AMP produced in response

or prostaglandins

to stimulation

is

of adenyl cyclase.

11

MATERIALS AND METHODS

Experimental

animals

Mature male domestic rabbits of mixed breed were either obtained
from local sources

or were raised in a small-animal

laboratory.

were exposed to the natural photoperiod with the approximate
range between 70 and 80 degrees

Fahrenheit

from 118 rabbits were used in the present

(approximately

The rabbits

temperature
21 to 27 C). Data

investigation.

In vivo experiments

Mature male rabbits were anesthetized
pentabarbital

In vivo testicular

capsular

contractions

fied method of Davis and Langford (1970).
restrained

were recorded by a modi-

The experimental

animal was

ventral side up, and an incision was made through the side of the

scrotum to expose the testis.
of the testis,

After a piece of thread was attached to each end

the intact organ was drawn into a water-jacketed

and the thread (attached to the superior
sensitive

22 to 65 mg per Kg) supplemented

(Haver- Lockhart Laboratory,

with ether.

with iv injections of sodium

myograph transducer

muscle warmer,

end of the testis) was connected to a

(Statham Co.) and a Gilson minipolygraph.

The inferior pole of the testes was secured to the base of the muscle warmer
with the remaining thread.
the muscle warmer

The scrotal

with a circular

sac was sealed around the bottom of

wire tie.

By carefully arranging

tion of the muscle warmer with respect to the body of the rabbit,

the posi-

an effective
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seal between the testis and the body cavity that prohibited fluid in the organ
bath from leaking into the body cavity was made without initiating ischemia in
the testis.

Tyrode's

medium.
ments.

solution maintained

The contralateral
Isometric

at 35 C was used as the bathing

testis was excised and used for in vitro experi-

contractions

were recorded

and drugs were either injected

iv or added directly to the bathing media as previously

reported

(Seeley et al.,

1973).

In vitro experiments
Testes used for in vitro studies were obtained by excising the contralateral

testis from in vivo preparations,

by pericervical

percussion

or by sacrificing

and excising the testes.

ately suspended in oxygenated Tyrode's
water-jacketed,

muscle warmers.

vitro using sensitive
described

and Ellis,

1971; Hargrove et al.,

Seeley et al.,

(Hargrove,

The gonads were immedi-

solution held at 35 C in all-glass,

Isometric

myograph transducers

previously

contractions

were measured

in

and a Gilson mini.polygraph as

Johnson,

and Ellis,

1973; Hargrove,

1972; Seeley et al.,

mature male rabbits

1971; Johnson,

Hargrove,

Seeley, and Ellis,

1973;

1973).

Treatments
Prostaglandins

E , E , Fla,
1
2

added to the bathing medium.
theophylline

F a, and steroids
2

DL-isoproterenol

(K & K Laboratories,

Inc.),

HCL (Sigma Chemical Co.),

and propranolol

Inc.) in distilled water were added directly

in 95% ethanol were

(Ayerst Laboratories,

into the bathing medium.

Ergotamine

13
tartrate

was introduced directly into the bathing medium.

AMP and cyclic AMP in Tyrode's
medium.

Dibutyryl-cyclic

solution were also added to the bathing

HCG in distilled water was injected subcutaneously.

used for iv administration

Testosterone

was suspended in a steroid vehicle (sodium citrate,

4. 5 mg; polyethylene

glycol 4000, 120 mg; polyvinylpyrrolidone,

myristyl-'Y-picolinum

chloride,

Extraction

procedure

0, 2 mg; water,

for prostaglandin-like

500 ml).

materials

The bathing media of 3 rabbit testicular

preparations

60 ml) were pooled and acidified to pH 3. 5 with HCl.
subsequently

partitioned

and transferred
evaporated

of thin-layer

(total volume of

Ethyl acetate (40 ml) was

against the pooled acidified bathing media (3 times)

to an evaporation

flask.

under reduced pressure,

exceed 40 C.

The pooled extract was subsequently

The temperature

was never allowed to

The residue was taken up with ethanol and spotted on the origin
chromatography

plates prepared

as described

Argentaffin thin-layer

chromatography

plates were prepared

to Green and Samuelsson

(thickness was approximately

in a 2:1 ratio.

100 v /v.

The plates to which the residues

2, 2, 4-trimethylpentane:
The suspension

according

Glass plates were coated

0, 25mm) and activated by heating for 30 minutes
were applied were developed

in the All solvent system of Green and Samuelsson
methanol:

below.

(1964) using silica gel H. A 2% solution of silver

nitrate was mixed with the absorbant

at 110-115 C.

1 mg;

(ethyl acetate:

acetic acid:

water in the ratio 110: 30: 35: 10:

was equilibrated

for 2 hours and the less polar phase
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was used as the mobile phase).
prostaglandin

The zones that migrated with authentic

E , E , F ia, and F a were scraped from the plates.
1 2
2

Prosta-

glandin-like compounds were eluted from the silica gel with three 5 ml aliquots
of methanol.

The resulting extract was dried under nitrogen.

salts that affected bioassay preparations

Contaminating

were removed by talting the residue

up in 5 ml of phosphate buffer (pH 3. 5) and partitioning the mixture 3 times
against an equal volume of ethyl acetate.

After evaporating the ethyl acetate

with nitrogen, the residue was taken up in Tyrode 's solution and assayed for
smooth-muscle

activity on in vitro rabbit testicular

preparations.

Single rat and rabbit testes were extracted for prostaglandin-like
material by homogenizing the gonads in 40 ml of 95% ethanol.
was centrifuged,

and the supernatant was transferred

The homogenate

to an evaporation flask.

The residue was mixed two additional times with 40 ml volumes of ethanol,
and the ethanolic fraction transferred

to the evaporation flask.

extract was evaporated under a negative pressure;

The ethanolic

the residue was taken up in

20 ml phosphate buffer (pH 3. 5) and subsequently partitioned 3 times against
5 ml aliquots of ethyl acetate.
and chromatographed

The ethyl acetate was evaporated under nitrogen

as described above.

Some extracts of rat testicular

homogenates were chromatographed

with the AI solvent system of Green and Samuelsson (1964) (benzene: diozane:
acetic acid in the ratio 20: 20: 1 v/v).

These thin-layer

chromatography

plates were developed for visual observation by spraying the chromatogram

15
with a 10% solution of phosphomolybdic

acid in 95% ethanol and heating the

plates for 15 minutes at 120 C.
Testicular

capsules that generated

than 0. 13 g force were classified
tractions

greater

spontaneous contractions

as inactive,

of less

and capsules that generated

than 0.13 g force were classified

as active.

con-
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RESULTS

Extraction

of prostaglandin-like

The responses
glandin-like

compounds

of isolated rabbit testicular

compounds extracted

and separated

from the bathing media of spontaneously
spontaneously
Figure 1.
generated

by the testicular

media from spontaneously
tained significantly

extracted

capsules

Moreover,

average

active material
capsules in vitro

when compared to the PG E -zone of actively contracting
1
The PGE -zones from inactive in vitro and active
1

capsules were not significantly

different

were essentially

(p > 0. 5).

The

the same (p > 0. 3).

contained more prostaglandin-

than both inactive in vitro and spontaneously

(p < 0. 05).

the greater

contracting

The PGF 0'-zone from active in vitro preparations
1

rations

Bathing

in the PGE -zone
1

generated by smooth-muscle

PGE -zones from all three preparations
2

like material

in

active material

in vitro (p < 0. 05).

in vivo (p < 0.1).

in vivo testicular
---

are represented

testes in vitro monitored for 1 hour con-

more smooth-muscle

significance

and

to prostaglandins.

from the PGE -zone of spontaneously
1

approached

chromatography

inactive in vitro,

preparations

capsule in response

per cent maximum response

to prosta-

as a per cent of the maximum response

contracting

than did inactive capsules

by thin-layer

active in vitro,

active in vivo rabbit testicular

The data are reported

preparations

active in vivo prepa-

However, PGF 0'-zones of inactive in vitro and spontaneously
1

active in vivo preparations

were essentially

the same (p > 0. 5).

PGF 0'-zone
2
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Figure

1. Per cent of maximum response

capsules

in response

to prostaglandin-like

the bathing medium of: A.
testicular

preparations,

C. spontaneously
material

generated by in vitro rabbit testicular

B.

spontaneously

compounds extracted
contracting

in vitro

inactive in vitro preparations,

active in vivo preparations.

was found in zones that migrated

Smooth-muscle

on thin-layer

from

and
active

chromato-

graphic plates._the same as authentic PGE 1, PGE 2 , PGFla,and PGF2Ct'
Significant differences (p < O. 05) were found between A and B in the
PGEi-zone,

between A and Bin the PGF 0'-zone, between A and C
1
in the PGF la -zone, and between A and C in the PGF a-zone.
Sta2
tistical evaluation of the data was accomplished by comparison of
the means by use of a standard!_ test.
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from active in vitro testicular
material

than spontaneously

capsules contained more smooth-muscle

average per cent of maximum response
preparations

in response

to material

icance

(p < 0.1) when compared

vitro.

Also, the greater

smooth-muscle
preparations

from the PGF a -zone approached signif2
in

from the PGF a -zones of inactive testicular
2
significance

in vivo (p < 0.1).

material

preparations

average per cent of maximum response generated by

in vitro approached

glandin-like

The greater

generated by active in vitro testicular

to inactive rabbit testicular

active material

active preparations

(p < 0. 02).

active in vivo preparations

active

when compared to spontaneously

The estimated

concentrations

found in the bathing media of testicular

of prosta-

preparations

(Table 1) were based upon the average per cent of maximum response
by the bioassay preparations,

and were determined

generated

from corresponding

log

dose-curves

(LDR curves) generated for PGE , PGE , PGF 1a, and PGF a
2
1
2

(see Figures

12, 13, 14, and 15).

chromatography

The per cent of recovery

was 50% for authentic prostaglandins

and the loss of activity was corrected
centration

of prostaglandin-like

in Tyrode's

for in determining

material

extracted

after thin-layer
solution,

the estimated

from testicular

con-

bathing

media.
Bathing media from spontaneously

contracting

testicular

prepara-

tions in vitro contained more prostaglandin-like

material

or spontaneously

However, there was no de'-

tectable difference

active in vivo bathing media.

in the content of prostaglandin-like

inactive in vitro and spontaneously

than inactive in vitro

compounds between

active in vivo bathing media.
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Table 1.

The mean per cent maximum response generated by the bioassay
preparations plus or minus the standard error of the mean, the
number of pooled bathing media, and the estimated concentration
of PG-like compounds extracted from each thin-layer chromatographic zone of active in vitro, inactive in vitro, and active in vivo
The concentration of PG-like
testicular preparations are listed.
material extracted from each zone was based on the mean of the
per cent maximum response generated by the bioassay preparations
and was determined from LDR curves.

Pro staglandin

El

E2

% Max..

Active

51.4

15.4

5

Inactive

18.0

8.0

8

5xl0- 7
lxl0- 7
1. 4xl0- 7

resp.

n

X

In vivo
--

24.9

10.2

6

Active

18.2

9.7

5

7.0

3.3

8

16.6

6.2

6

Active

54.2

12.7

5

Inactive

12.0

5.3

8

In
--

F2

Cone.
in bath

Capsular
motility

Inactive

Fl

s

Cone.
in bath
(mg/ml)

vivo

1.5x10

3.8

6

3.2xl0

Active

55,6

18.7

5

7.0xl0

vivo

0.28

-6

-5
8.8x10
lxl0- 5

21.7

In
--

1.42

-6
1. 6xl0
9x10- 7

In vivo
--

Inactive

(nM)

25.9

8.1

8

2.0xl0

8.7

4.9

6

1.0xl0

-5

-5
-5
-5

0.40

4.6
2.6
4.2

0.25
0.03
0.10

0.20
0,06
0.03
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Extraction
homogenates

and thin-layer

for the separation

c~omatography
of prostaglandins

like compounds were present in these tissues
results

made interpretation

of the relative

2

a-like material

than rabbit testicular

quantities

with prostaglandin-like

quantities

isolated rabbit testicular

the zones corresponding
zones of thin-layer

homogenates

chromatographic

chromatographed

areas that migrated

contained more

(p < 0. 05).

characteristics

Smooth-

in sufficient

capsules were extracted

with authentic PGE -, PGE -, PGF a-,
1
1
2

chromatographic

of the

of prostaglandin-like

homogenates

plates on which the extracted

f~om single rat and rabbit testes were separated.
ment of thin-layer

Variability

homogenates

muscle active material
to stimulate

indicated that prostaglandin-

(Figure 2).

compounds of doubtful value, but rat testicular
PGF

of rabbit and rat testicular

Moreover,

plates of extracts

and PGF a2
residue

visual develop-

from rat testicular

in the AI solvent system resulted

in stained

with authentic PGE , PGE , and PGF
, and PGF
.
2
~
2a
1

Table 2 presents

estimated
extracted

values for the concentration
from rat and rabbit testicular

of prosta-

glandin-like

materials

Estimations

were based on the average per cent of maximum response

ated by the bioassay preparations,
for PGE , PGE , PGF ia,
1
2
determined

for extraction

and the appropriate
the estimated
testicular

from

and PGF a.
2

homogenates.

gener-

from the LDR curves

A 50% recovery was assumed

of authentic prostaglandins

correction

concentration

and were determined

homogenates.

from Tyrode' s solution)

was made for extraction

of prostaglandin-like

(as was

losses in determining

material

extracted

from
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Figure 2. Per cent of maximum response
testicular

.

'

,,

generated by in vitro rabbit

in response

to PG-like material

A. rabbit and B. rat testes.

compounds from zones that migrated

extracted

Smooth-muscle

active

with authentic PGE , PGE ,
1
2
PGF la and PGF a were assayed for activity.
The response to the
2
PGF a -zone from rat testicular extracts is significantly larger
2
(p < O. 05) than the PGF a -zone from rabbit testicular homogenates.
2
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Table 2.

Animal

Rats

Rabbits

The response of isolated rabbit testicular capsules to PG-like
material extracted from single rat and rabbit testes.
The estimated
concentration of PG-like compounds was determined from LDR
curves and was based on the mean of the per cent maximum response
of the bioassay preparations.
Correction was made for extraction
losses.

Prostaglandin

% Max.

s

n

Cone.
in bath
(µg/gm)a

resp.

X

El

15.3

5.7

9

E2

23.2

9.2

9

5.6xl0

Fl

41. 2

11.1

9

0.34

F2

56.9

10.0

9

0.44

El

20.2

4.7

6

9.lxlO

E2

37.6

16.6

5

3.8xl0

Fl

19.7

6.1

6

0.27

F2

19.8

5.7

6

0.14

-3

-4
-2

aThe concentration of PG-like compounds extracted from rat and rabbit testes
is expressed as µg of prostaglandin per gram of tissue.
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Effects of steroids

PGE

1

on testicular

motility

In vitro rabbit testicular

capsular

were inhibited by progesterone
3. 9 µM progesterone

approximately

inhibition was observed at 27. 8 µM.

contractions

(Figure 3).

induced with 14. 1 nM

The threshold dose was

in the bathing medium,

and maximum

Addition of progesterone

to the bathing

medium of inactive testes in vitro inhibited the induction of the rhythmic contractions

and tonus increases

in a dose-dependent
gesterone

ness.

fashion (Figure 4).

inhibited spontaneous

contractions

androstenedione

(Figures

as testosterone

equal effective-

(Figure 7d).

motility with the
17a-Hydroxypro-

was less effective as an inhibitor of prostaglandin-induced

Both acetylcholine

epinephrine-induced

(27. 5 nM) and serotonin

testicular

with progesterone

testicular

tested (Figure 7c).

lar motility was inhibited by progesterone

tested

and pro-

{3-al-3-one (Figure 7a), and

(Figure 7b) inhibited prostaglandin-induced

motility than the other steroids

treatment

testosterone

(56. 8 µM) potentiated

in vitro (Figure 8).

testicu-

However,

motility in vitro did not respond significantly
or testosterone

within the concentration

range

(Figures 9 and 10).
Fourteen rabbits were injected Sub. Q. 48 and 24 hrs prior to assay

with 250 I. U. HCG. Of the HCG treated
testicular

contractions

1

5 and 6a) or prostaglandin-induced

(Figure 6b), 5a-androstan-17

same general effectiveness

capsular

Moreover,

in vitro (Figures 3, 4, and 7d) with approximately

Pregnenolone

gesterone

to 14. 1 nM PGE

normally observed in response

animals,

in vitro were measured

spontaneous autorhythmic

in 57% of the preparations:

to
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3.9 11M Progester••

1. 9

JIM

Progestero■t

•

11M P,.,,sterut

19.1

•

21.I

11M

P,.,,srero■e

•

2

Ml••'••

Figure 3. The response of in vitro rabbit testicular contractions induced with
14.1 n1v1PGE to increasing concentrations of progesterone intro1
duced into the bathing media.
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..

14.1 1M

A
•• PGEI

..

14.1

B

14.J

C

..

■M

PGE
1

..

14.1

D

■M

PGfI

I

2,

2

Figure 4.

MIHtH

Effect of 14.1 nM PGE on contractility
1
preparationsthatwerepretreatedwith:
D. 27. 8 µM progesterone.

of rabbit testicular capsular
A. 3.9, B. 7.9, C. 19.7,

26

8.1 pM Testostero1e

2

Mi11,tes

Figure 5. Inhibition of spontaneous testicular capsular contractions in vitro
by the addition of 8. 7 µM testosterone to the bathing medium.
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A

I

,.s,,

2 .,., ..

'

Figure 6. Response of rabbit testicular
and pregnenolone.

preparations

in vitro to progesterone

A. Inhibition of spontaneously contracti:rgin vitro rabbit testicular
capsule by 22 µM progesterone.
B. Inhibition of rabbit testicular capsular contractions induced by
14.1 nM PGE by 22 µM pregnenolone.
1

28

o.s, I

2 Ml•

Figure 7. Inhibition of testicular capsular contractions in vitro by the addition
B. androstenediof 17.4 µM of: A. 5a-androstan-17,B-ol-3-one,
one, C. 17a-hydroxyprogesterone,
and D. testerone in the
bathing medium. The arrows indicate the addition of the steroids
to the bathing media.
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21.S
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■M
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..

•

•

2

Mi■-lts

".1

S6 .I IIM Stremi.

•

•

JI.

,,.,.,,.,_

47.4 ,,.

,,.,..,_

•

•

Figure 8. Progesterone inhibition of testicular capsular contractility induced
by acetylcholine on a spontaneously active preparation,
and the
inhibition of testicular capsular tonus by progesterone on a
preparation that was stimulated with prostaglandin and then with
serotonin.
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19.7JIMPrttestero■,

•

10.9 ,M

Figure 9.

41 .4 J M

•

Progestero11

2 Mi11tes

The lack of effect of progesterone
induced by epinephrine.

on testicular

capsular

tonus

31

21.1 ,M

r,.,..,.,..,

2 ,., •• ,..

Figure 10. The relative lack of effect of testosterone on epinephrine-induced
tonus increases on in vitro rabbit testicular preparations.
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43% were inactive.

Of 89 untreated

rabbits 48% of the in vitro preparations

were active while 52% were inactive.
not inhibit the generation

Pretreatment

of spontaneous testicular

32 in vivo experiments,

all preparations

motility spontaneously.

However,

testes
fore,

of these preparations
in vitro capsular

of rabbits with HCG did
motility.

generated

autorhythmic

in vitro experiments

did not consistently

Moreover,

of

capsular

on the contralateral

develop contractions.

There-

motility was not indicative of the absence of motility

in vivo.
In vivo autorhythmic

eliminated

bathing medium,

in amplitude of contractions
but recovery

Testosterone

Also, testosterone

(18 mg/Kg) had no effect on capsular

capsular

preparations.

of the testicular

motility when injected

(87 µM) in the bathing medium did partially
contractions

LDR curves for PGE , PGE , PGF la,
1
2

capsular

after changing the

in inhibiting in vivo testicular

motility of PGE -potentiated
1

the response

In some preparations,

up to 0. 417 mM (Figure llb) in the bathing medium.

However, testosterone

on in vitro capsular

occurred

reduced or

was rapid and complete within 2 to 3 minutes.

was ineffective

motility in concentrations

capsular

were not significantly

by changing the bathing media (Figure lla).

a slight reduction

iv.

contractions

in vivo (Figure llc).

and PGF a, were generated
2

These curves yielded quantitative

capsule to prostaglandins.

motility in all concentrations

inhibit

data for

PGF astimulated
2

examined above threshold

(Figure 12).

The effective dose of PGF 0:'sufficient to initiate 50% of maximum response
2
5
(ED-50) was 2. 5xl0- mg/ml (0. 07 µM). Maximum stimulation occurred at

33

o.s, I

2

Mi■

C

~

Figure

11. Changing bathing media and adding testosterone
containing rabbit testes.

to bathing media

A.

The lack of effect of changing the bathing medium of
capsular contractions in vivo.

B.

The lack of effect of testosterone on capsular contractions in
vivo. The first arrow indicates the addition of 2. 5 x 10- 2 mg/ml testosterone in the bathing medium. The second arrow
indicates the addition of 9. 5 x 10- 2 mg/ml testosterone in the
bathing medium.

C. Inhibitory effect of 2. 5 x 10-2 mg/ml testosterone on capsular
contractions in vivo that were potentiated with 5 x 10- 7 mg/ml
PGE 1. The interruption of the tracing represents 2 minutes.
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0
0

-3

,,s

10

mg/ml

Figure 12. The LDR curve for the response of the rabbit testicular capsule
in vitro to PGF za· The figure represents data from 5 animals.
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approximately

5x10

-4

mg/ml

(1. 42 µM).

ED-50 for PGF la was 4x10

(0. 112 µM) (Figure 13) and maximwn response
mg/ml (0. 702 µM).
14).

PGE

1

stimulated

The ED-50 was approximately

(Figure 15).
stimulation

2. 3xl0-

A similar

The ED-50 was 3. 2xl0occurred

at 2. 5xl0-

inhibited the response.

5

was observed at 2. 5x10 -

7

mg/ml (0. 65 nM).

preparations

response
6

mg/ml

of the testicular

not significantly

different

of rabbit testicular

(9. 0 nM), maximwn

(71 nM), and higher concentrations
the relative potency of PGE ,
1
preparations.

capsule in vivo was compared to in vitro

Isoproterenol

(Figure 17).

(Figure 18 ). Moreover,

between the response

LDR curves for the effect

in vivo and in vitro indicated no
of the two preparations

(Figure 19).

injected iv or added to the bathing media of in vivo

initiated an inhibitory response

inhibit the normal stimulatory
However, propranolol

sule to isoproterenol

Also, LDR curves for the

capsule to PGF a in vivo and in vitro were
2

capsules to epinephrine

significant difference

21a).

2

2

when treated with PGE 1 and PGF 1'.t LDR curves for PGE in vivo
1
2

of the rabbit testicular

preparations

(Figure

A maximum

was observed for PGE

mg/ml PGE

Figure 16 illustrates

and in vitro did not differ significantly
response

4

(14. 1 nM) while higher concentrations

PGE , PGF
, and PGF on in vitro capsular
--1QI
2
2QI
The response

mg/ml

the capsule in low concentrations

6
response was initiated at 6xl0 - mg/ml
inhibited the contractions.

-5

response

(Figure 20).

Propranolol

of the capsule to epinephrine

did eliminate the inhibitory response

(Figure 21b).

Propranolol

did not
(Figure

of the cap-

had no effect on PGE -induced
1
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Figure 13. The LDR curve for the response of the rabbit testicular capsule
data from 5 animals.
in vitro to PGF
. The figure represents
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14. The LDR curve for the response of the rabbit testicular capsule
in vitro to PGE 1. The figure represents data from 9 preparations.
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Figure

105
PGE
2

15. The LDR curve for the response of isolated rabbit testicular
capsules to PGE . The figure represents data from 7 preparations.
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16. The LDR curves for the response
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Figure 17. Similarity of the LDR curves for PGE 1 on rabbit testicular contractions in vivo and in vitro. The broken line represents in vivo
contractions and the solid line represents in vitro contractions.
Each point is the mean of either 9 observations in vitro or 5
observations in vivo. There was no significant difference between
the two preparations.
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Figure 18. LDR curves for PG F 2 0 pn rabbit testicular capsular preparations
in vivo (broken line) and in~
(solid line). Each point represents the response of 5 preparations.
There was no significant
different between the response of the in vivo and in vitro testes
to PGF 2 a.
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Figure 19. Similarity of the LDR curves for epinephrine on rabbit testicular
contractions in vivo and in vitro. The broken line represents in
vivo contractions and the solid line represents in vitro contractions.
There was no significant difference between the two preparations.
Each point represents the response of 5 preparations.
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o.s,

I

I

Figure 20. Response of in vivo rabbit testicular
A.
B.

2 .,.

capsules to isoproterenol.

Response of capsular contractions in vivo to isoproterenol
(5 x 10-3 mg/ml) added to the bathing medium.
Response of in vivo capsular contractions to isoproterenol
(1. 7 mg/kg) injected iv.
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Figure 21. Effect of a- and ,B-adrenergic blocking agents on the response of
rabbit testicular capsular contractions to epinephrine and isoproterenol.
A.

Response of an inactive rabbit testicular capsular preparation
in vitro that had been pretreated with 10-3 mg/ml propranolol
to 10- 4 mg/ml epinephrine.
B. Response of spontaneously contracting in vivo rabbit testicular
capsular preparations to 10-3 mg/ml propranolol followed by
the addition of 10-3 mg/ml isoproterenol.
C. Response of an inactive rabbit testicular preparation in vitro
to 10-5 mg/ml PGE 1 followed by 10-3 mg/ml propranolol and
finally 10-3 mg/ml isoproterenol.
D. Response of a spontaneously contracting in vivo rabbit testicular
preparation to 1. 25 x 10-2 mg/ml ergota~ine tartrate followed
by 10-3 mg/ml epinephrine.
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tonus increases,

but subsequent treatment

initiated a tonus increase
Ergotamine

in vivo
---

eliminated the normal stimulatory

Moreover,

contractions

(Figure 21d).
contractions

when added to the bathing medium (Figure 22a, b).

testicular
tartrate

Addition of

AMP to the bathing medium of spontaneously active
inhibited tonus more than frequency or amplitude of con-

(Figure 22c).

Moreover,

addition of cyclic-AMP

bathing medium of in vivo preparations

results.

and the autorhythmic

tartrate

Theophylline inhibited active in vitro and active in vivo capsular

in vivo preparations

response

response of the

in vivo were directly inhibited by ergotamine

2 mM dibutyryl-cyclic

tractions

(Figure 21c).

epinephrine following ergotamine

yielded a slightly inhibitory response,

capsular

with isoproterenol

instead of the normal inhibitory response

tartrate

capsule to epinephrine.

of the preparation

induced by PGE 1 (Figure 23).

(0. 5 mM) to the

reduced the threshold of the inhibitory
Dibutyryl-cyclic

AMP yielded identical
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(

2 ■M Dl••tyryl•cAMP

•

2.0 Mi•

Figure 22. Response of rabbit testicular
and dibutyryl-cyclic AMP.
A.

capsular

I o.s,

contractions

to theophylline

Response of spontaneously active testicular capsular contractions in vitro to 0. 05 mg/ml theophylline introduced into the
bathing medium.
B. Response of spontaneously active testicular capsular contractions in vivo to 0. 05 mg/ml theophylline introduced into the
bathing medium.
C. Response of spontaneously active testicular capsular contractions in vivo to 2 mM dibutyryl-cyclic AMP introduced
into the bathing medium.
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Figure 23. Potentiation of the inhibitory response of the rabbit testicular
capsule to PGE 1 by cyclic AMP.
A. Response of spontaneously active in vivo rabbit testicular
preparation to:
1. 0.16 nM PGE1 and
2 . 1. 6 nM PG E 1
B.

Response of spontaneously active in vivo rabbit testicular
preparations
following 0. 5 mM cyclic AMP to:
1. O. 16 nM PGE and
1
2. 1. 6 nM PGE
1
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DISCUSSION

The steroids,

progesterone

and estradiol,

motility in vivo in rats and rabbits

(Schofield,

---

1961; Marshall
Porter

1954; Kuriyama and Csapo,

and Csapo, 1961; Hawkins, Jessup,

and Behrman,

1971).

injections

and Ramwell,

In this respect plasma progesterone

during periods of uterine quiescence
muscular

are known to inhibit uterine

in humans (Pulkkinen,

of pregnenolone,

a precursor

gens or other steroid precursors

of progesterone,

established.
testicular

The results
contractions

one, testosterone,

of this investigation

preparations

androstenedione,

and testosterone

pregnenolone,

inhibited spontaneously

tions in vitro at physiological
by both serotonin

The above steroids
concentrations.

or acetylcholine

1970).

Androgen

between andro.-

motility has been

can be inhibited by progester5a-adrostan-17

(Figures 3, 4, 6b and 7).

contractions.

prevented

now show that in vitro rabbit

/3-01-3-one,

Moreover,

contracting

in vitro (Figures 5 and 6a) in concentrations

glandin-induced

gesterone

capsular

inducted by prostaglandins

and 17 a-hydroxyprogesterone
gesterone

but no relationship

and testicular

was elevated

1970), and intra-

abortion or the onset of labor in humans (Scommegna et al.,
synthesis by the testis is well established,

1970; and

testicular

that inhibited prosta-

inhibited testicular

Testicular

pro-

contrac-

motility potentiated

was also inhibited by the addition of pro-

to the bathing medium (Figure 8).
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Addition of epinephrine
increased

testicular

to the bathing media of in vitro preparations

motility,

glandins or the presence

but did not depend on pretreatment

of spontaneous motility to induce a tonus increase

did serotonin and acetylcholine
epinephrine-induced
slowly decreased

(Hargrove,

tonus increases

Seeley, and Ellis,

were dose-dependent

within 5 minutes after the introduction

bathing medium (Hargrove et al.,

1973).

Moreover,

active testicular

not inhibited by testosterone
This latter observation
testicular

capsular

androstenedione

that steroids

concentrations.

into mice increased

esterified

testicular

in vivo were

regulate rabbit

plasma testosterone

48 and 24 hours prior to experimentation

and
that

with

of in vitro testes that

motility.
of progesterone

(Ellis and Baptista,
cholesterol

1973); phenylmethylsulfonylfluoride,
also increased

9 and 10).

However, rabbits in this investigation

PGE 1 and PGA 1 inhibited the conversion
homogenates

prepara-

In support of this conclusion Saginor and

that 500 I. U. HCG increased

spontaneous capsular

in rat testicular

testicular

tested (Figure

250 I. U. HCG showed no reduction in the percentage
generated

nor testosterone

capsular preparations

negates the possibility

were injected subcutaneously

to the

in the bathing medium (Figure llb) or iv injections.

motility in vivo.

Horton (1968) reported

The

of epinephrine

Neither progesterone

reduced tonus at any concentration

spontaneously

1973).

as

(Figure 19) and

when added to the bathing medium of epinephrine-stimulated
tions appreciably

with prosta-

esterified

1969) and PGF a injected
2

in their testes

(Bartke,

an inhibitor of cholesterol
cholesterol

to androgens

et al.,

esterase,

and reduced plasma
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testosterone.
artery

However, when PGE was administered
2

via the spermatic

in perfused dog testes in vivo the concentration

creased

in the spermatic

lated progesterone
Ramwell,

vein (Eik-Nes,

synthesis

1967).

of testosterone

Also, prostaglandins

may mediate the

effect of gonadotropins

on adenyl cyclase in initiating steroidogenesis

(Speroff and Ramwell,

1970; Marsh,

may, therefore,

genesis in the testis,
smooth-muscle
Johnson,
et al.,

and Ellis,

1969; Kuehl et al.,

play an important

1970).

Endogenous

role in regulating

but may also act independently as modulators

motility

stimu-

in bovine corpora lutea slices (Speroff and

1970), while other data suggest that prostaglandins

prostaglandins

was in-

(Johnson,

Hargrove,

1971; Hargrove,

and Ellis,

steroidoof testicular

1971; Hargrove,

Seeley, and Ellis,

1973; and Hargrove

1973).
Ellis and Baptista (1969) proposed that the same general respiratory

pathway was involved in steroid biotransformations,
prostaglandin

biosynthesis

in rat testicular

like compounds were extracted
liminary

lipid peroxidation,

tissue.

from swine testes

Moreover,
(Michael,

evidence suggested that prostaglandin-like

in rat testes

compounds were present

1971).

Prostaglandin

sured in rabbit testicular

tissue

(Christ and van Dorp, 1972).

synthetase

activity was meaThe above data

compounds were synthesized by rat,

and swine testes.

In this respect,

from homogenates

of single rat and rabbit testes

concentration

prostaglandin-

1973) and pre-

(Carpenter,

indicate that prostaglandin-like

of prostaglandin-like

prostaglandin-like

material

and

material

(Figure 2).

extracted

rabbit,

was extracted
The estimated

from the homogenates
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was based on the average per cent of maximum response
from the PGE -, PGE -, PGF a-'
1
2
1
matographic

plates (Table 2).

like material

generated by material

and PGF a-zones of the thin layer chro2

Rat testes contained significantly

per gram of tissue than rabbit testes,

more PGF

2

0' -

b~t the smooth-muscle

activity from the PGE -, PGE -, and PGF la -zones was not significantly
1
2
different.

These data indicated the presence

prostaglandin-like
smooth-muscle

of a sufficient concentration

of

compounds in single rat or rabbit testes to stimulate
motility of in vitro rabbit testicular

bution of prostaglandin-like

material

conditions is unknown, and therefore,
sule is unknown.

preparations.

The distri-

within the testes under physiological
the concentration

However, prostaglandin-like

at the testicular

cap-

compounds can be considered

to be endogenous to rat and rabbit testes and may be capable of modulating
testicular

capsular

motility.

Hargrove et al. (1973) found that spontaneous autorhythmic

contractions

of rabbit testicular

capsules in vitro were abolished by changing the bathing

media.

of the initial bathing media of spontaneously

Extraction

preparations

for acidic lipids yielded a residue capable of reinitiating

motility in inactive,

rinsed preparations.

bathing media from active preparations
of its chemical characteristics,
compounds studied,

preparations

The unidentified material
appeared to be prostaglandin,

and because only prostaglandins,

were able to mimic the characteristics

active capsular preparations
capsular

contracting

in vitro.

For example,

in the
because

among the

of the spontaneously

spontaneously

in vitro responded with an increase

capsular

active

in tonus to serotonin
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and acetylcholine,
larly.

while prostaglandin-treated

However, inactive rinsed preparations

acetylcholine

(Hargrove,

lated inactive testicular

1

1973).

Moreover,

preparations

and inhibited
of

yielded an inhibitory response

characterize

the nature of the smooth-muscle
testicular

were pooled, extracted

and chromatographed

chromatographic

for prostaglandins

on thin-layer

(Green and Samuelsson,

1964).

more prostaglandin-like
in vivo preparations.

material

for acidic lipids,

For comparative

for prostaglandin-like

indicated that bathing media from spontaneously

in vitro,

plates in a system specific

the bathing media from inactive in vitro and spontaneously
were also extracted

active residue

preparations

bathing media from 3 preparations

purposes,

active in vivo

material.

The results

in vitro preparations

contained

than inactive in vitro or spontaneously

active

No significant difference was observed in the amount of
material

vitro and spontaneously
prostaglandin-like

stimu-

but the addition of small concentrations

from the bathing media of actively contracting

prostaglandin-like

1

1973).

To further

preparations

PGE

capsules in vitro in low concentrations

to actively contracting

(Hargrove et al.,

responded simi-

did not respond to serotonin or

Seeley, and Ellis,

them in higher concentrations,
PGE

preparations

extracted

from the bathing media of inactive in

active in vivo preparations

material

was extracted

(Figure 1). However, some

from the bathing media of all three

preparations.
Even though tin-layer
sufficient to establish

chromatography

the empirical

and bioassay procedures

identity of this material

are not

as positively
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being prostaglandin,
present

the data overwhelmingly

in the testicular

indicate that prostaglandins

bathing media of rabbit testicular

These data also support the concept that prostaglandins
spontaneous autorhythmic
That spontaneous

testicular

authorhythmic

vitro were inhibited by steroids

appeared to be necessary
by acetylcholine

Seeley, and Ellis,

Moreover,

and histamine-induced
Therefore

acting as the sole regulator
contractions

motility in vitro.

affect the response

consistently

contractions

were not responsible

for the modulation of testicular

1973).

that occur in vitro.

for the genera-

prostaglandins
capsular motility
potentiated the acti-

motility in vitro (Hargrove,

endogenous prostaglandins

in the testis

of the capsule to other stimuli rather than

of capsular

occurred

motility.

In this respect,

spontaneous

in vivo although the amount of prostaglandins

extracted

from these bathing media was not significantly

extracted

from inactive in vitro bathing media (Figure 1). Moreover,

the bathing medium of spontaneously
not significantly
response

contrasted

preparations
testicular

reduce testicular

in

were not (Figures 9 and 10), suggests that

or serotonin in vitro, and prostaglandins

vity of both epinephrine-

may directly

contractions

for

(Figures 3, 4, 5, 6, and 7), and that epi-

and probably norepinephrine

tion of spontaneous capsular

preparations.

are responsible

and prostaglandin-induced

nephrine induced tonus increases
epinephrine

capsular

are

active testicular

capsular

different from that

preparations

motility (Figure lla).

with that observed for spontaneously

changing

in vivo did
This

contracting

in vitro

in which changing the bathing medium reduced or eliminated
capsular

motility (Hargrove et al.,

1973).

Spontaneous and
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prostaglandin-induced
steroids

testicular

capsular

(Figures 3, 4, 5, 6, and 7).

tions tested,
(Figure llb),

did not significantly
but testosterone

However, testosterone,

affect testicular

did partially

motility in vivo (Figure llc).
be the sole regulators

motility in vitro was inhibited by

capsular

in the concentramotility in vivo

inhibit prostaglandin-potentiated

These data indicate that prostaglandins

of testicular

capsular

may not

motility under physiological

con-

ditions.
Acetylcholine,
increased
ford,

testicular

1970).

be important

carbachol,

norepinephrine,

motility in the rabbit testicular

On this basis,

of testicular

evidence supported the presence
testes

spontaneously

pressure.

contractions

motility potentiated

by progesterone

Moreover,

of autonomic innervation

of the perivascular

intratesticular

and prostaglandin-induced
that testicular

motility.

(Hodson, 1970 and Bell, 1973).

(1972) found that stimulation
testis increased

capsule (Davis and Lang-

it was suggested that autonomic innervation

in the regulation

in mammalian

and tetramethylammonium

of the tunica algubinea

nerve that innervated

by acetylcholine

in vivo preparations

or serotonin were inhibited

induced motility in vitro and

---

were not inhibited by testosterone

9, 10, and llb) lends support to the possible regulation

capsular

motility by the sympathetic
tartrate

taneously active capsular

the dog

inhibited spontaneous

(Figures

That ergotamine

Rikimaru

in vitro (Figures 3, 4, 5, and 7), and

(Figure 8), but that epinephrine
contracting

histochemical

In this respect,

That steroids

may

of testicular

nervous system under in vivo conditions.

(an a-adrenergic

blocking agent) inhibited spon-

motility in vivo supports this conclusion

(Figure 21).
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Prostaglandins

stimulated

Hargrove and Ellis,
Ellis,

Johnson,

and Hargrove,

in vitro testicular

material

1973).

extracted

(Hargrove,

To approximate

from testicular

LDR curves were generated
13, 14, 15 and 16).

proximately
5xl0-

6

mg/ml

similar
to PGE

The LDR curve for PGE

Johnson, and Ellis,

1

of prostaglandin-like

mg/ml

homogenates,

and PG F a (Figures
2

12,

data for the response

in stimulating
capsular

testicular

motility

motility in all concentra-

(Figure 14) indicated that PGE

as well as an inhibitory response.
7

1971; Har-

the LDR curves indicated the

1

The ED-50 was ap-

(0. 65 nM), maximum response

(14.1 nM), and higher concentrations

response
2

Moreover,

2

2. 3 x 10-

but inhibited

bathing media and testicular

of these prostaglandins

initiated a stimulatory

Seeley, and

PGE , on the other hand,
1

concentrations

PGF lO' and PGF a stimulated

tions examined.

1972).

These curves yielded quantitative

effectiveness

(Figure 16).

1973; Hargrove,

for PGE , PGE , PGF la,
1
2

of the capsule to prostaglandins.
relative

in vitro (Johnson,

motility in small concentrations,

motility in higher concentrations
grove et al.,

contractions

1971; Hargrove et al.,

1973; Ellis,

stimulated

testicular

was initiated at

initiated inhibition.

A

was observed for PGE , but the capsule was less sensitive
2

than PGE l (Figure 16 ).

Because rabbit testicular
not respond similarly

1

in vivo and in vitro did

to changes of the bathing medium and to steroids,

effects of prostaglandins
curves for PGE

capsular preparations

on the two preparations

were determined.

in vitro and in vivo did not differ significantly

However, the response

of testicular

the

The LDR

(Figure 17).

capsules in vivo was more variable,

and
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the absolute magnitude of contractions
Also, LDR curves for the response

was less than in preparations

of the rabbit testic~ar

in vitro show that these two preparations
18).

capsule in vivo and

responded equally to PGF a (Figure
2

These data suggest that in vivo and in vitro rabbit testicular

yielded equal responses
bathing medium.

to the same concentration

capsules

of prostaglandins

Also, LDR curves for epinephrine

cated no difference

in vivo.

in vivo and~

in response between the two testicular

in the
vitro indi-

capsular preparations

(Figure 19).
Isoproterenol

(a {3-adrenergic

stimulating

agent) inhibited testicular

motility in vivo when injected iv (Davis and Langford,
capsular
et al.,

1970), and inhibited

motility in vitro when introduced into the bathing medium (Hargrove
1973).

Isoproterenol

added to the bathing media of in vivo preparations

---

initiated an inhibitory response
to iv injections

(Figure 20).

medium of preparations

that was similar

to that produced in response

The route of administration,

either in the bathing

in vitro, in vivo, or injected iv did not alter the

response

of the capsule to isoproterenol.

capsular

motility when added to the bathing medium of in vitro preparations

when in vivo preparations
fore,

Carbachol was reported to stimulate

were injected iv (Davis and Langford,

the route of administration

1970).

or

There-

for these compounds did not alter the response

of the capsule.
{3-Adrenergic stimulation
(Triner et al.,

is often associated

1971), and {3-adrenergic

cyclic AMP concentration

I

in intestinal

stimulation

with adenyl cyclase activity
resulted

in an increased

smooth muscle (Andersson,

1972 and
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Andersson and Nilsson,

1972) and rat myometrium

and Bhalla, Sanborn, and Korenman,

1972).

(Harbon and Clauser,

Moreover,

{3 -adrenergic

blocking agents antagonized the effect of catecholamines
on adipose tissue (Butcher et al.,

1966).

ing agent) did not inhibit the stimulatory
rabbit testicular

Propranolol
response

capsular preparations

These data suggest that the stimulatory

to epinephrine

is mediated by a-adrenergic
stimulation

capsule to isoproterenol.

is responsible
Moreover,

capsule to norepinephrine
Rikimaru

nergic receptors

response

tartrate

response

were not affected by propranolol

treatment

of PGE -induced motility,
1

medium initiated a tonus increase

in vitro;

in vivo

of the capsule
and that
of the

(an a -adrenergic

of the rabbit testicular

(Hargrove,

in the tunica albuginea of rabbits.

on

on the other

stimulation,

Seeley, and Ellis,

evidence for the presence

increases

(Figure 21c).

receptor

ergotamine

and epinephrine

(1972) also presented

Propranolol

for the inhibitory response

blocking agent) abolished the stimulatory

and

(a {3-adrenergic block-

of the capsule to isoproterenol

(Figure 21b).

{3-adrenergic

on these tissues

initiated by epinephrine

(Figure 21a).

hand, eliminated the inhibitory response

1971

1973).

of a- and {3-adre-

PGE -induced tonus
1
following the propranolol

addition of isoproterenol

into the bathing

instead of the usual inhibitory response

These data indicate that the {3-adrenergic blocking agent did not

alter the response

of the capsule to stimulation

{3-adrenergic

stimulating

a -adrenergic

receptors.

agent, isoproterenol,

by prostaglandin,

and that the

may have some affinity for
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Ergotamine
epinephrine
grove,

tartrate

and norepinephrine

Seeley, and Ellis,

response

was reported

on the isolated rabbit testicular

1973), and ergotamine

of the capsule to epinephrine

a slight inhibitory response

were partially

also.

in vivo.

and b).

capsule (Har-

Moreover,
tartrate

epinephrine

yielded

in vivo (Figure 21d).

may have some affinity for the (3-adre-

Autorhythmic

inhibited by ergotamine

testicular
tartrate

Theophylline (a phosphodiesterase
response

effect of

also eliminated the stimulatory

following ergotamine

These data indicate that epinephrine
nergic receptors,

to inhibit the stimulatory

capsular

contractions

in vivo

directly.

inhibitor) initiated an inhibitory

in vitro and in vivo when added to the bathing medium (Figure 22a
Moreover,

the addition of 2mM dibutyryl-cyclic

medium of in vivo preparations

resulted

AMP to the bathing

in a strongly inhibitory response

in

which overall tonus was affected more than frequency or amplitude of contractions (Figure 22c).

In addition,

cyclic AMP (0. 5 mM) introduced

bathing medium of in vivo preparations

- --

tions for the inhibitory response
that the inhibitory

response

mediated by the generation
PGE

1

and PGE

in tissues:

induced by PGE

of the testicular

1

1

The data suggest

and PGE

2

was

of cyclic AMP in the tunic a albuginea of rabbits.

both have been reported

(Hinman, 1972).

to stimulate

Catecholamines

motility in rat uteri and arterial

antagonized by (3-adrenergic

of these prepara-

(Figure 23).

capsule to PGE

lung, corpus luteum, guinea pig heart,

other tissues
decreased

2

reduced the threshold

into the

cyclic AMP accumulation

rat aorta,

increased

strips,

fibroblasts

and

adenyl cyclase and

and these effects were

blocking agents (Harbone and Clauser,

1971;
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Bhalla, Sanborn, and Korenman,
diesterase

inhibitors

relaxation

of the smooth muscle.

1972, and Butcher,

also induced an accumulation
Furthermore,

in response

to treatment

by PGE

Baird (1968) reported that PGE
rat testes.
response

1

1

increased

2

Phospho-

exogenous dibutyryl-cyclic
cyclic AMP levels.

capsular preparations

or PGE

1966).

of cyclic AMP and caused

AMP mimicked the effect of drugs that increased
cyclic AMP levels of rabbit testicular

et al.,

Although

were not measured

in this investigation

Butcher and

cyclic AMP concentrations

in minced

These data suggest that cyclic AMP may mediate the inhibitory
of the rabbit testicular

capsule to PGE

1

and PGE , which apparently
2

affect the adenyl cyclase system by some unknown mechanism when higher
concentrations

of these prostaglandins

are present.
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SUMMARY AND CONCLUSIONS

Homogenates of single rat and rabbit testes extracted
yielded enough smooth-muscle
rabbit testicular
preparations
period.

active material

preparations.

for prostaglandins

to generate contractions

in

The initial bathing medium of rabbit testicular

was also extracted

for prostaglandins

Significantly more smooth-muscle

after a 1 hour incubation

active material

was present

in

bathing medium from spontaneously

contracting

in vitro preparations

bathing medium from spontaneously

contracting

in vivo or inactive preparations

in vitro.

The data indicated that spontaneous in vitro capsular

than in

motility was

dependent on endogenous prostaglandins.
In vivo capsular

motility was not significantly

by changing the bathing medium.
prostaglandin-induced
choline potentiated

contractions
testicular

did not inhibit epinephrine
spontaneous

capsular

motility.

inhibitory
presence

motility.
response

inhibited both spontaneous and
as well as serotonin and acetyl-

contractions.

These data suggest that prostaglandins
motility,

and that sex steroids

motility under in vivo conditions.

a {3-adrenergic
Propranolol,

However, sex steroids

capsular motility in vitro or

for in vivo capsular

do not directly modulate capsular
Isoproterenol,

in vitro,

induced testicular

in vivo capsular

were not solely responsible

capsular

Sex steroids

reduced or eliminated

stimulating

a {3-adrenergic

of the capsule to isoproterenol.

of {3-adrenergic receptors

agent, inhibited testicular
blocking agent, prevented the
These data indicate the

in the rabbit testicular

capsule.

Moreover,
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ergotamine
capsular

tartrate,

an a-adrenergic

blocking agent, partially

motility in vivo, and caused epinephrine

response.

These data indicate the presence

rabbit testicular

capsule,

of the testicular

capsule.

Log dose-response
epinephrine
testicular
stimulatory,

stimulation,

of {3-adrenergic

curves for prostaglandin
effectiveness

receptors

prostaglandin

Theophylline

Moreover,

subthreshold

potentiated

the inhibitory response

innervation

of rabbit

All of these compounds were

E and E were inhibitory at higher
1
2

(a phosphodiesterase

and dibutytyl-cyclic

in the

E , E , F a, F a, and
1
2
1
2

as regulators

motility in vitro and in vivo.

however,

concentrations.

to initiate an inhibitory

and support the concept of sympathetic

showed their relative
capsular

inhibited

inhibitor),

AMP inhibited testicular

concentrations

{3-adrenergic

capsular motility.

of cyclic AMP in the bathing medium

of the capsule to prostaglandin

data suggest that the inhibitory response
capsule was mediated by cyclic AMP.

of prostaglandin

E . These
1

E and E on the
1
2
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